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SOMiABT 

Tno need for very compact wide angle telescope« with large oxlt pupil» 

and high quality optical performance has led to the development nf several 

instruments utilizing modiflod Forro prisms as well as a slight nodlf^.i.tion 

of the erecting system first described by Schmidt.    In this erecting system 

which :..Tk< c use of two  specinl priese,  the light nath *i folded upon itself 

in such n way as to result in a very short instrument with sutstantlrd.1;.- 

straight through viewing.    The usual objection to the Schnidt type of erecting 

syston, namely, bad ghost »flections, has been largely eliminated by the use 

of non-reflecting coatings on appropriate surfaces.    The result has been very 

satisfactory telescopes of magnification jX,  6Z nnd 7X with unusually wide 

In the enso cf thi- JX, the product of field in degrees by raagnificn- 

uado approximately 85 *?' 'ho use of one Rfsphrrle surface lr. the 

oycplecc.    This surface is produced by p. molding process which has been Tory 

much refined by the Institute of Optics and supplied in lerg iuetlon in 

other instruments. 

The dosign and performance cf the Schmidt e»~eting telescopes is here 

described in some dcta'"      The dosign and prrfon.. . those systems using 

modified Forro prisms ha* been i    cussed in OSSD Bcport To. lUg? (Section 16.1, 

Report To. 23). 

, ial production of the 6 i 1*2 Porro type instrument  in antl- 

osclllatlon t-. -» was undertaken by the Arm}' Air Force.    Substantial production 

of a wide field 7 z 50 binocular for conventional use was undcrtpkon by the 

Hnvy Bureau of Aeronautics.   Tho latter instrument was entirely redesigned for 

production by the Bausch A Lomb Optical Company.    This included the return 

to the conventional non».taperei prism which made the instrument- florc -bulky 

but facUltrted production. 
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»ins Finn nunooma 

1. Introduction 

Rcque-t-T fer  iaproven.nta In t.laost nil  the fii-nr<s of ■aerit 

in pfvmr telescopes r.sulVd  in n^w icoirna rt  "he Institute of 

Opties.    Thofie in truacnts u:inp th.  Forro tyte of ir'ctinir qratM 

hav<  nlrcsdy bcon described end nil! not  t    tr<»t«d here execrt for 

the addition of rifure.'; Iff f   19,  a- rrinr, the optical ieeeae!» of 

th   7 x "50 elnoauler nnd the original 6 x 42.    In this revert tho 

pjr loo lpt1 eapheala is on lnatruaenta    uainr th« Schnld*  typo of 

fTf.c*.in.' ryst.-am.     In  lov power tall copes, the  spree bet'eon »he 

objective *ni eySJpieM boaoaao very 3hcrt, end it  1" dlfrteillt tc 

use conventional erec'in* aytteeia.    Aloe, brceuae or th    l'ck of 

sp'co, the field aujt    c qui*.   rea'rietrd.    The «chni^t aystoa, on 

tho oth r h*:nd,  is very ecarect end c* n 'pally be fitted  into ■  low 

r.orer telescope, hr-inr the rdded rdv nt-re thft the tx:n of the 

eye-.iecc nnd objee'ive en be a~de to coincide, a v> ry df.r.irftblr 

foeturu in a nonoeul-r inntrun<nt »here •»•■   o* vi. win ■ ia irarcrt-nt. 

These   -;y3t(;:ia sre r.Isc auch lighter thrn tho-c uainr Fcrro trisas, 

and thus eaaier to carry ':nd u-e. 

Firure 1 it a coup- risen of the ~chsldt greeting nyntc.a (o) 

aedified by elo.'in* the gap bitceon thr  trc prisn eleaMrtf rnd a 

Porro ejreteej (h) of l| rroxi irtely the n°nt  field.    It cm be seen 

thnt ♦ho Seh-jidt  aya+rn l* saellrr in cvry dlacnaien then the Forro 

end that it dcvinti c the opticM n>:ia by rn'y r saell naount.    ""he 

alii-h'   offset in the r.xia ia not Inherent in the Schaidt syaten, 

but la necosairy for a pri3] of -liriiun size. 

R-STRISTED I 
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(a) 5ctaidt (b) Icrrn 

Fimirc  1 

o 

II 6 x Jig BpneflulMT 

In the iprlag cf 1942, r. fc x 42 tnlcaaopr  with i   product of rc*l 

fitld (  In di.-ruos) by rarrnifictlon i*qu?l tc 70 »-a dc-air,ntd to be 

uand In in cnti-osclll'* icn mount, d ."in;ht d<:ficrihed in ("3RD Seport 

fikft (".action 16.1 <terort *?*).    Dovolopncnt o" thll "nl-^ht nirht* 

showed the noc-d for r r.or.i ooapitajt  rtlori lyitCal thrn thy iodi',i'd 

Forro priar.s    ua<-d there,  *"nd rcordin^lv I   M 6x4? lonoculT wea 

lr-alrr. ■! with p 3ch-iidt crvctor.    The ppa?: eye:loco Ml urod pa in 

the  "ni-ht ni-ht" nnd only ali-h-  oh-nc/s w re n.eerarry in the objective 

design.    This neu ::ono:ulrr hro r rtnl field o" vir-w of 11.6 deprrea, 

!<n tyo relief of 19.66 -a ■ nd ;n exit  pupil of 7 is.    An Er"la>tyre 

eyepiece (f■  = 25rra) ll used, with ■* ce'wntcd doublet »f aped f/?.66 PB 

the objuctivo. 

The objective' Ml ;»;;!  i:  1 to fully correct the eph> rice 1 end 

chro:irtic rberrption or the prin-ia rn-< eyepiece. 

i 
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At full nporture th.- tftt 1   » h-rieel -fc..rr"«)rn In T 0.0}? an, 

«hilc. at 7/10 aperture It in -0.107.    ^hr^o-.tle aberration is 

-.00022 "t ^ull aperture *ni In -0.000*0 nt '7/10 rperture.    Thin 

eerric-lon la as rroA rn it in ronlbl« %t mnk" with » er:ri'n».ed 

dcubl»t nn-i rlnanc3 new available.    Although thTe- in ar ne evieanee 

cf fxinl crlor when the telejeeapa in uned in daylight, due tc nee- 

cr.d^ry    pectmi fin! a: heric 1 ehrrntinn, the o.hnricrl rberrr'!*n is 

iapcrccftiblt) "ithout the aid of M auxiliary telescope.    The in.'tru- 

asnt la (broartleelly corrected for the ? md 7 rryz at 7/10 »fr- 

ture no ttMtt the nzinl  bundlo in »llchtly unJorccrre-:ti.-d and the 

aTrrinal rnys rv- rcorr»*e*cd, 

3nna is BCI letrly ccrr:":ti-d bv 'If ?b1ee'ive.    Literal Tier 

frca th- cyopioec and prln* «nnot b^ entirely <?!i;ineV-d by the 

objective, but the rosidual aaoMlt in lea* thnn the s'h'rie»l 

chTCT tisri rf the oblique rnya rxn'l ned above.    rho tangential 

fiold o-' UM  eyo'ieio in bmlcvard ourvlnr and ha baen ■a-tched by 

that o" th.   -bjectiv., but tht F.-tzval fields c" thf cblcc4ive and 

cyeplooo curva in sppeelti   direct!  ns in th». inntru-ii-nt, ren>'lt.inr/ 

in >i lorKo «n.unt of total field -urv-ture cf e),J dioptrro at }0C, 

aoat of ebleh (J.5 dicpt.rs) is duf t.t the oyo leoo.    There lo iv 

distribution cf natl'in'itina (iv.n with chr.nro o" eye   l«.co) that -.7111 

o apatMate fcr tr.e lnr»rc.  "leid :urv ture, and st the lent the re- 

aultrn*   ina-e quality of the synt.-i hrs about ?.P djrptcrs cf astir- 

n-tlnra, »hich in the  Test okjeetl nable 1:5"-c i-rr. r in the instru- 

ment. 
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Firuro 7. «hern UM Scheldt ;rir>a IjnjtM Muff cf DP-5 fcr the 

6 i 42   i r. -ül- r,   Fioire 5 the ibjnctlvu 'n"1  "lrure 4 the eye- 

picco aprieificntions*    A cut-ewey naornbly trnnlnr r" ÜM  erriete 

in.itruribr.t la ahovm In    Fi.-ure *j.    The oririnrl MO^CI ~mn •and« 

»lth LF-2 prlaMi  but IT noro ere to he nnde, EF-5 in reeomended 

na ahev-n in UM drunlnfia. 

III     3 x 21 Hpnooular 

A roqueat PM received f*or r.nc^h-T nonocnlrr nith three 

power rwi-.niflcr.tion ^nd I ride field.    Althourh it u-e'* thf   3T1? 

oyopieco na the 6X r-nd tho a^Tie Schmidt crectinr ayr^ei nit}   L8*-? 

prlaria, thia thrco poor inatr'-'-iont needed •. IMP ob1rc*ivr« 

Sin« the «"oo'.l  !en;>th o*" tin   cbj'cti-.   c' I JX ayatr-n 

ia hnlf th-t of fl 6X, ita field ourvr'ure la doubl d It I alurle 

oenonted doublet la uaod.    71.ua If » r.i  il-r obJMttT« to tl»t of 

the 6X telea^opg were- uicd, the totnl fiel'1 curvture -'cull bo 

nbr.ut 5 diopters, due to the  ar.,-ittnl "lelda.    ReeV aim cf the 

eycilcicc could reduce the tr n er.ti-1 field curvture to zero 

but the i—ri't-.l field »ould bo :itill in-erd nur-'ini; by J.4 

diopttr3 nn-" UM Mlultin- In- -■ ry nould shot- vc-'v little improve- 

ment«    In arite nf thin v« ry bed curv+ure, however, I  eencnted 

doublt*  «a*, leairned,  ainso It »"crna n  ai-iLle fnd u'o"ul in^tru- 

aent for acne Rp-pliertiona.    Thia ir shown in ricure 6.    Tho Inrt-e 

quality ia H rooci on axlo and over the equivalent field ->.■> my threo 

pawr of n-rrowcr field,    lth field -urvrture out tc M -"eirreo 

half field no wor-se than the 6 X at the eid-o. 

RE3T°I,:TrD 
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Field curve"ure  1.. ■ 1  • va ■   very difficult problen in a 

t olt    ■■ |o,  since «11 know. . •■•.■ i»r.r;   -ive v.-ry lr.rre eurveturca 

■.-hi n.  nust bo esipannnted for in tin objective.    Evr. if the 

complete tel^acopf 1a corrected 'or «urv ture,  however, the inrre 

in 'he   faaal pl*n." o" 'he oyeriece 'nA rojectivt   is «t  U curved, 

ml I'-nllnx "1th r  rlrr.p r'*iel'>  ii inevitabli .    Sue!   'n obUc'ive 

hrs bten a do "t The Inntltute of Op'ics, with tin rrMizritlon 

th»t 1" UM   n<co3sity for oliiiin't'nr rirtlele parallax - r'.  • n, r 

r<.»iole COJH    n curved or raflMH in through the objective. 

Sooke triplets linllar to UlOM used In or-Mmry or-ncrn 

objectives    ere first tried in the hope th-t thev -.1-ht   improve 

the 'iol' curvrture 3uffici-r.tly but neri. dinor4ed '.'hen »h«   in- 

prov' j<.nt we.- fourii to be  n rll-ii.l- .    It "' -. foun^, hovev r, 

th"t ■ fi e elt^i-nt obHe'ive MUid be desi-md '-ith en ov-r- 

corr.;ct.i Fetzvril ndltM th't no'>l'< so-"Vti'•■ cancel the curvturo 

of the  evoriecc.    Aatirv-tisn of »he cb1rcti-i   rr.a r'lusted to   "rfh 

laut o" UM eyopleco, reiultin^ 1n in »1-iont COT let'ly f 1't "leid 

anrstl—i-tie ttlosoopo.    At the mt*m a" *h'   "irlJ the eatinrtiai 

la lesa thnn on" -'ioptar. 

Figure 7 ia B pint i? th-   Ion itir'inrl anh-ricl Aberration 

curvea for the r.xirl    un'Ka in 1, D, «Ml P Urht,    Sent  in the 

objective if.a correct» d to prr-ctic*1' lv zero.    Lateral color 7irn c-rc'ully 

?djuated to leoa thnn 2'  for  'ht   complete ayatci rn-1  in not notice— 

able in the instrumentj    there is a  all.-ht r-jperrr ee of oelor ne"r 

the o-J.'e o" \Y-b field due to aic-n'rry apectruj. 

•; ^ErT-nr-j 
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«6- Rf-r irrer 

FlRurc P.    MM rosults fr  r.st- r testa on the JX toleacorc 

with th.   five elcier.t objeotlvc,  H Tonrtrr' lnr, the rcnrrkrbly 

«rood Irr go qurlity over the entire-  field.    7ho blur circle It »he 

ed.-o of the "ield In -etuplly o.-irller th'n In the center, althru»h 

tiilo Is in part duo to vlr;rettir.fr.    RcaclvinK rower trats h've not 

been -v't: with thin tilr-acope, but frei vlsunl  insrretior. the l^'re 

quality if-errs oquillv nco-1 c-.'<r the »-tire ^ieM.    An optic« 1 

drawing of the objective Is shorn-. In Flmiro 9 »nd  in "ir-ure 10 

la shorn in essoibly drminr cf the inrtru-iont.    It tirr, r»  r.i 1 field 

of vii- of 2^°, eye:relief of 20 -3-! r.r.d exit    urll of 7m. 

IV    7 * ?5 Monncul-r vlti. An:ht.rlc Eytj lceo 

The thir' monocul- r ncsirne'« »t The  Inatl*ute cf fptles we. a a 

eeven r.o»-. r Instrument o" S TM exit purll ' nd 16 -a 'ye relief. 

The pro'uet of field by icnific tion of *h-   whole  lnntrin« nt wn 

85.4 decrees.    For :?uch r wide «nrle syrt«'i en eyeriece v.'ith 

sjhoric: 1 3urfreoa only r.ould either i.rve a lrrn  e :ount of ncr;- 

Btl-e distortion or fi  li rro zone of i ositl' L i-stir-rtlBn.    3y irklng 

nn ?sph'rle curve on the. *>ont surf'ce.hori v. r, the distortion can 

be re iced -.-itr-out   :ntro'uctinß M «xc-ssive Q cunt of » sti ■{■jwtlm. 

Such nn instrunen4  h'a been -irde In "ochfg'.r, »1th the rs heric 

eurve for »d by n dropping rroei ss JescrlbeJ  in 'noth'rre: ort. 

In o-'iltion to eorrcc'lnf the   -ati -r'ier. »n' distortion of 

achrrleil cyop.lcicon, the Mfherifl aurf* ce greatly rc'uern the 

arht.rler.1 ikamtlM of UM principle rryn,  ao tivt tht   eye tosl'ion 

rerrlns fixed for the   oblique roya rs mil M 'he cxlnl rrya. 

Correction of lt.-rel color in dl Ticu't in -   -i-'e rnrle  ayste-ij 

RrSTRT0?ED 
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with the 7 » }5 inatrinnnt only    »fttM ncrrection ms "ceonrMah'd 

In UM eye; ieco r.nrt the refjt elininrtrd by p areciflly ^i nirneM 

objoetivo of tro aeprrrtrd tT—>H"1 iffl a  nreeinl ehmrtlc rl^te« 

Tho Ohrosrtic t^lrte is :yJ.*  o" ono  rlrno-cen^ve »n-1 cne • l?no- 

cenvex lena en. ntnd to-ether to net nn n einöle, pl^-to of *l*sa 

for D light but to introduce n  Irrrc amount of nor'*i-e erirl I nd 

lrt-ral oclor.    Tho sep'-rr V-d objective re-io"ea *he r< at cf *he 
color 

and alao corrects for 3. hrricel 1berrntion.    Flrure. 11 af.cwa 

the- c -a^-lete if si :n cf the nyfltc^« 

V    7 x 50 MonocilT git.   -ericUc Surf j cc In Eye.-lnce 

Before the ebo-e 7 x J5 -lcnoeul'r vi'•   the th<n rs-h ric 

corrector -l-'r. In +h--  ■»•pleat -r    ä'cvvl0pv4i I   7 x 50 .iono- 

cul-r ilth "n na;h>rlc eye; irco o" "  Ji"" rer*  tyre :,rn '<. Tinned. 

Tho p-.r'loular require ;onta for this tclooeore »ore tnOM o* I 

»Ho fluid nirht gt< aaf *nd thun It PJM very ir-.iort^nt to hr-ve e 

long eye roller,    In orJor to obtain the lonr eye roll, f, rn 

eyopiocc of 25.8 .r. focal length »'n ^li-nod, rlth thr   curved 

surface of th.   oyo    lena grounJ to a  r'r»bolle thrft   ky the   °-useh 

'.  Lor.b Ortic 1 Co. 

The rest o" 'h>   telcacc e Is nuch the naae -a *he 7 x 55 

lnntru.rnt.    The cbjt.cti-1   la    e: errted en! tic  clrc-.r*lc  | l*t« rlao 

uaod to orreot for  1 ter-jl olor.    A n.rl "tcld o" vie» of 12.A 

lofrtoa, nn eye r. 11. f of 2?   ■ -n-' IxH  r.u 11 «"irv-tr-r of 7 m 

a»*o nttalneJ in thin ♦eleacoro.    The optlcl aycto". in ahorn in 

Pleura» 1*,  1J,  Ik, and  15. 

R EST3I0'"ED 
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"his telescope hns been eonstrv:     I and Bppcara M In 

Figure  16.    Tho pufWuMM lo excellent,  . Ul.ough the trrns- 

sittid Ifgtl ar:.-nr yutlov due to the long i thrrurh the 

dense fiint Seta lit prioria.    Since this instrirarn'  *c '.,■•■■■• ? rounds 

10 ounces,.consider*bly «..ore than the 7 x 35» It is now ne^e 

obsolete by the ievrlopnent  of the oth<-r -aonoculrr.    Also the 

esrhorlo in the  7 » 55 Is ^uch ooaier to produce und the "jc  nrr.- 

ieai desire is nueh bettor;    If a 7 x 50 nn desired in the 

future It cculd be rifde b» Berlin-- up the 7 x J5. 

VI    JX Kbnoeulrr for It. "or.-,. Fockhn 

In nr.nouv-ring pllotlcBS . lrrv a, o:«-r"tors h'  • found that 

they need sonc •aagnifying poMff in nr^tr to h*-. lp then ruide t1* 

plants et the ivcnt dir.t-nooo required.    Lt. Ce-a Fockhrrj, of the 

Hrvy tWa« of Hi leine end Sur.-ery, requested a  lirht  reir;ht low 

rover wido fluid cionoculcr to ni-ot this need, which ccul-' be strapped 

to the Oforutors head. 

This request wan net by scelinr -'own the 3 x ?1 -icnccular 

described in sect'on III in the r^tic if 1  i 0.771    The resulting 

instruacnt hno n real field of 0 degrees pnd eye relief of 15.? sn 

and nn exit pupil of 5.4 mi    lt was not reduced further In size 

beenuso the eye relief of 15.9 «as consid<rrd as short rs it itna 

prnc'icel to use. 

Tho oonj lete design IBS rent to Dr. Hayt-n of the iruaoh '   Lonb 

Optical Co., for aonaiderntion -nd  •ossibly for the buil'ing of a 

sample Instrument. 

Brs-^;?frn 
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srsTRrrrrr 

( The In-titutc of Optic:; ccnnldori I the  -osslM'lty of inserting 

nn is;:hc.rlo cycj locc with n foenl  lrnpth of 16.?.h rr., which wouH 

r.-rjlt in n }.69 power telercerc rvith UM nano rct\\  fiild »>3 the 

5X teloscopc.    Thin cyoMoce h*a not, howrvi-r, yr-t been ''erjirnrd. 

Figure 17 is f.n no3rnbly drininp c' *hr.  ler.oeulnr   Itslfflfd 'or 

Oosnnn^cr Fn-lchnn. 
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Any dimensions not given in the accompanying figures 

may be obtained approximately from the scale of the diagram. The 

thickness of the erector in Figure 2 is 111 mm. 
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